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htticense.Abstract Fossil fuels (oil, natural gas and coal) presently represent about 90% of the world’s total
commercial primary energy demand. Yet, they are depletable sources of energy. Growth in the pro-
duction of easily accessible oil, the main source of high energy liquid transportation fuels, will not
match the projected rate of demand growth, especially in developing countries. In the transport sec-
tor, today, the only alternative to non-sustainable fossil fuels is biofuels that are produced from bio-
mass, a stored environmentally neutral solar energy. These fuels are compatible with current
vehicles and blendable with conventional fuels. Moreover, they share the long-established distribu-
tion infrastructure with little, if any, modiﬁcation of equipment. The main biofuels presently in
commercial production are bioethanol and biodiesel. Industrial countries started production of
the 1st generation bioethanol and biodiesel from food products (grains and edible oil) since a
few decades and these fuels are currently available at petrol stations. Second generation bioethanol
from ligno-cellulosic materials is on the research, pilot and/or demonstration stage. This paper dis-
cusses the current situation regarding liquid fuels in Egypt which are experiencing imbalance
between total production and demand for gasoline and diesel fuels. The quantiﬁed need for noncon-
ventional sources is presented. Based on a thorough assessment of current and prospective gener-
ated agriculture residues as distributed over the political areas, mapping of the number and
capacity of plants to be installed for production of bioethanol from available residues namely rice
straw, sugar cane residues and cotton stalks has been developed. Annual capacities of 3000, 10,000
and 20,000 tons ethanol/year until year 2021 have been proposed. Capital and operating require-
ments and economic indicators have been estimated. It has been concluded that at current price
of ethanol of about $0.6/kg, the simple rate of return on investments is about 2.8%, 11% and
16% for the 3000, 10,000 and 20,000 tons annual capacity ethanol respectively.
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1.1. Background
The main energy sources worldwide are oil, natural gas, coal
and hydro-power. According to recent statistics there is angyptian Petroleum Research Institute.
6.006
270 S.R. Tewﬁk et al.annual decrease worldwide in the major sources of fossil fuels.
With the depletion of these fuels, efforts are being directed to
revert to renewable sources such as solar, wind and biomass.
Speciﬁcally for the transport sector, which is one of the most
important sectors that have direct impact on the economy,
candidate fuels comprise biofuels (liquid or gaseous), hydrogen
and fuel cells, battery electric and hybrid electric vehicles with
plug-in.
Egypt’s proven oil reserves stand at 4.4 billion barrels, an
increase from 2010 reserve estimates of 3.7 billion barrels.
Egyptian oil production comes from ﬁve main areas: primarily
the Gulf of Suez [1]. Natural gas production exceeds 60 bil-
lion m3 per year as for the same year. Oil and gas account
for about 95% of total commercial energy productions, while
hydropower represents the remaining 5%. Egypt has also lim-
ited coal reserves estimated at about 27 MT [2].
Egypt primary energy demand is expected to grow from
62 Mtoe in 2006 to approximately 88 Mtoe in 2020 and
109 Mtoe in 2030 at an average rate of 2.6% per year [3].
In addition to its commercial energy resources, Egypt has
potential in renewable resources including, solar, wind and
biomass such as fuel wood, agricultural wastes and dried ani-
mal dung, which are used in some rural areas to meet part of
the energy demand.
In the transport sector, today, the only alternative to non-
sustainable fossil fuels is biofuels that are produced from bio-
mass. These fuels are compatible with current vehicles and
blendable with conventional fuels. Moreover, they share the
long-established distribution infrastructure with little, if any,
modiﬁcation of equipment. The main biofuels presently in
commercial production are bioethanol and biodiesel. Indus-
trial countries started production of the 1st generation bioeth-
anol and biodiesel from food products (grains and edible oil)
since a few decades and these fuels are currently available at
petrol stations. Second generation bioethanol from ligno-cellu-
losic materials under research, pilot and/or demonstration
stage.
This paper is concerned with the prospects for the produc-
tion of ethanol from ligno-cellulosic materials. Current and
prospective energy situation are ﬁrst highlighted. The current
situation regarding biofuel production is brieﬂy outlined. Pros-
pects for the production of ethanol from agricultural residues
are then presented.
1.2. World energy consumption for transportation (Mtoe)
Transportation is one of the major energy consuming sectors
worldwide. Current and projected world energy consumption
for this sector in major regions is presented in Table 1. Over
the next 25 years, world demand for liquid fuels is projected
to increase more rapidly in the transportation sector than in
any other end-use sector. In the IEO2009 reference case, theTable 1 World energy consumption in transportation Mtoe.a
Region 2006 2010 2015 2020
OECD 1390 1330 1368 1411
Non-OECD 821 974 1099 1253
Total world 2211 2304 2467 2664
a Source International Energy Outlook 2009 (in quadrillion BTU).transportation share of total liquid fuel consumption increases
from 51% in 2006 to 56% in 2030. Over the 2006–2030 period,
transportation accounts for nearly 80% of the total increase in
world liquid consumption.
1.3. Historical and projected trends for energy consumption and
demand for various applications in Egypt
Table 2 presents the evolution of energy sectoral consumption
(Mtoe) share, and growth rate in the period 95/96 – 2004/2005
[2] while Table 3 compiles the historical and projected energy
demand among the various sectors as projected by the Interna-
tional Energy Agency [4].
In Egypt, there were about 38 vehicles per 1000 capita in
2002; projections for 2030 reached 142 vehicles per 1000 capita
with a 6% yearly increase. As of 2007, the total number of vehi-
cles in Egypt is in the order of 3 million of which more than
2 million are passenger cars. The car stock is expected to grow
twice as rapidly as per-capita income [5] which has been ob-
served in all industrialized countries during the 20th century.
Thus, transport energy demand poses a particular burden
on Egypt’s oil demand in the future as public transport is rel-
atively underdeveloped and capital-intensive investments in
public transport are difﬁcult to realize.
1.4. Historical and estimated prices for crude oil
Fig. 1 provides the annual average prices calculated from
weekly Egypt Suez blend spot price (dollar/barrel) published
by Energy Information Administration for the period 1971–
2009 [6] .
1.5. Subsidies for petroleum products and natural gas
The energy sector is strongly subsidized by Governmental
funds. Figs. 2 and 3 depict the petroleum products and natural
gas subsidies respectively as a proportion of opportunity cost
prices for the period 2007/2008–2010/2011 [7]. Energy subsi-
dies, substantially from Governmental funds, exceeded 60 bil-
lion in 2007/2008 [7].
2. Current trends for the production/research of biofuels
The three major biofuels currently under consideration are lig-
no-cellulosic ethanol, biodiesel from oil resources and biooil
from ligno-cellulosic materials.
2.1. International level
Extensive R&D and investments to face the decrease of fossil
fuels’ resources and the ﬂuctuations in oil prices, which has2025 2030 Average annual growth rate
1450 1500 0.3
1404 1565 2.7
2854 3065 1.4
Table 2 Evolution of energy sectoral consumption (Mtoe), share and growth rate in Egypt [2].
Sector 95/96 96/97 97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 GR%
Industry 12.83 12.75 13.78 13.7 14.02 14.91 16.14 17.07 17.35 15.74 2.1
% of total 50.04 48.89 48.78 46.38 45.45 45.95 47.70 48.02 46.94 40.72
Transport 7.35 7.58 8.24 9.11 9.65 9.9 9.63 9.94 10.78 12.06 5.1
% of total 28.67 29.06 29.17 30.84 31.28 30.51 28.46 27.96 29.17 31.20
Resd. & Com. 4.57 4.83 5.2 5.65 6.02 6.23 6.72 7.08 7.28 8.51 6.5
% of total 17.82 18.52 18.41 19.13 19.51 19.20 19.86 19.92 19.70 22.02
Agriculture 0.3 0.31 0.32 0.32 0.33 0.34 0.35 0.37 0.39 0.45 4.1
% of total 1.17 1.19 1.08 1.08 1.07 1.05 1.03 1.04 1.06 2.82
Gov. buildings and utilities 0.59 0.61 0.71 0.71 0.83 1.07 1.0 1.09 1.16 1.26 7.9
% of total 2.30 2.34 2.51 2.40 2.69 3.30 2.96 3.07 3.14 3.26
Total 25.64 26.08 28.25 29.54 30.85 32.45 33.84 35.55 36.96 38.65 4.2
Table 3 Egypt historical and projected energy demand among the various sectors.
Energy demand (Mtoe) Shares (%)
1971 2003 2010 2020 2030 1971 2003 2010 2020 2030
Total primary energy demand 8 54 68 88 109 100 100 100 100 100
Coal 0 0 1 1 1 4 1 1 1 1
Oil 6 27 33 41 51 81 51 48 47 47
Gas 0 23 32 42 52 1 43 47 48 48
Nuclear – – – – – – – – – –
Hydro 0 1 1 1 2 6 2 2 2 1
Other renewable 1 1 2 2 3 8 3 3 3 3
Power generation and water desalination 1 17 22 27 32 100 100 100 100 100
Coal – – – – – – – – – –
Oil 1 2 1 1 1 64 9 6 5 4
Gas – 14 19 24 29 – 84 87 89 91
Nuclear – – – – – – – – – –
Hydro 0 1 1 1 2 36 7 6 5 5
Other renewable – 0 0 0 0 – 0 0 1 1
Other transformation, own use and losses 1 8 11 13 17
Total ﬁnal consumption 7 37 64 60 76 100 100 100 100 100
Coal 0 0 0 0 0 3 1 1 1 0
Oil 5 22 27 34 44 79 60 58 57 58
Gas 0 6 9 12 15 0 18 18 20 20
Electricity 1 7 9 11 14 9 18 19 19 18
Renewable 1 1 2 2 3 10 4 4 4 4
Industry 3 14 17 20 24 100 100 100 100 100
Coal 0 0 0 0 0 5 2 2 2 2
Oil 2 5 5 6 6 72 36 32 27 23
Gas 0 6 7 10 12 0 41 44 47 50
Electricity 0 2 3 4 5 12 17 18 19 21
Renewable 0 1 1 1 1 11 5 5 4 4
Transport 1 11 15 22 30 100 100 100 100 100
Oil 1 11 15 21 29 100 98 97 97 97
Other fuels – 0 0 1 1 – 2 3 3 3
Residential and commercial 2 9 12 15 18 100 100 100 100 100
Coal – – – – – – – – – –
Oil 1 4 4 5 5 71 42 36 30 27
Gas 0 0 1 2 3 0 5 8 15 18
Electricity 0 4 6 7 9 12 46 49 48 49
Renewable 0 1 1 1 1 16 7 7 6 6
Non-energy use 0 2 2 3 4
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Figure 1 Annual average prices of Egypt Suez blend crude oil
spot price (dollar/barrel).
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Figure 2 Petroleum products subsides as a percentage of
opportunity cost.
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272 S.R. Tewﬁk et al.reached a peak value of $147/barrel, led to the establishment
and testing of several facilities on pilot-scale and demonstra-
tion at various levels. Current situation regarding the renew-
able liquid fuels is brieﬂy outlined below.
2.2. Ethanol
Although ethanol from corn is widely commercialized, there
are several constraints regarding the use of corn as a source
of fuel. On the other hand, ethanol from ligno-cellulosic
sources is currently in pilot or early demonstration stages. Fur-
ther, extensive efforts are being exerted worldwide to develop
the various processing stages with the ultimate aim of produc-
ing ethanol at a price competing with liquid fuels from petro-
leum. However, it is worth mentioning that several ethanol
from cellulose (EFC) plants were built and operated in various
countries during World War II, when wartime changedeconomic conditions and priorities. These countries included
Germany, Russia, China, Korea, Switzerland, the United
States, and others. Today, due to competition from syntheti-
cally produced ethanol, only a few of these plants are still oper-
ating with virtually all of them in Russia [8]. Currently several
plants for cellulosic ethanol are operating or under construc-
tion in developed countries including Australia, Canada, Chi-
na, Denmark, Germany, Italy, Japan, Norway, Spain, Sweden,
UK and US [9].
2.2.1. Biodiesel commercialization worldwide
Biodiesel is produced from several oils and fats such as sun-
ﬂower, soybean, canola, palm oils and tallow and recently
using Jatropha. Several commercial plants are established in
both developed and developing countries [10].
2.2.2. Biooil worldwide
Unlike bioethanol and biodiesel, biooil is still in early stages of
demonstration [11].3. Future prospects regarding renewable liquid fuels on
international level
The total annual demand for biomass has increased steadily
over recent years and currently accounts for over 10% of glo-
bal primary energy consumption. Approximately two thirds of
this biomass is consumed in developing countries as tradi-
tional, non-commercial biomass for domestic cooking and
heating.
The current worldwide demand for biomass to provide elec-
tricity and heat for buildings and industry is around 8 EJ/year
(190 million tons of oil equivalent (Mtoe)/year) and around
1.7 EJ/year (40 Mtoe/year) for liquid transport biofuels. In
terms of costs, current bio-electricity generation costs are
around $62–185 per MWh, heat production costs around
$4–19 per GJ and transport biofuels around $10–31 per GJ [12].
The European Union Member states’ political resolve to
develop the energy potential of solid biomass has started to
pay off, as in 2010 there were clear signs that growth of pri-
mary energy production had quickened pace. The output ﬁg-
ure rose to 79.3 Mtoe in 2010, which was 8% up on 2009
and deserves comparison with the previous year’s 4% rise
(from 70.6 Mtoe in 2008). The trend, which was driven deeper
by Europe’s particularly cold winter of 2009–2010, demon-
strates that the economic downturn failed to scuttle the Mem-
ber states’ efforts to structure the solid biomass sector [13].4. Assessment of prospects for ethanol production
4.1. Alternatives for ethanol production on the national level
Both thermo-chemical and biological technologies are being
evaluated worldwide on pilot or demonstration scales. How-
ever, it has been widely reported that the thermo-chemical pro-
cesses are more difﬁcult and need high technology but, still,
should not be totally excluded.
At the National Research Center of Egypt, efforts are being
undertaken to develop the technology for bioethanol produc-
tion from local ligno-cellulosic farm residues. Pilot experi-
ments are undertaken to identify optimum conditions for the
Table 4 Cultivated areas and waste production (2008).
Governorate Rice Cotton Maize 1 Maize 2 Total maize Sorghum Sugarcane Total
Area
1000 fed
Waste
production
1000 ton
Area
1000 fed
Waste
production
1000 ton
Area
1000 fed
Waste
production
1000 ton
Area
1000 fed
Waste
production
1000 ton
Total
area
maize
Waste
production
1000 ton
Area
1000 fed
Waste
production
1000 ton
Area Sugarcane
Alexandria 4.487 9.871 4.791 8.145 24.875 52.243 0.010 20.030 24.885 72.273 0.000 0.000 0.005 0.052 90.340
El Behira 232.934 512.455 87.359 148.510 24.875 52.238 9.538 20.030 34.413 72.267 0.000 0.000 0.245 2.524 735.756
El Gharbia 178.508 392.718 17.243 29.313 66.230 139.083 1.442 3.028 67.672 142.111 0.000 0.000 1.173 12.082 576.224
Kafr el Sheikh 358.302 788.264 65.397 111.175 52.724 110.720 1.309 2.749 54.033 113.469 0.000 0.000 0.072 0.742 1013.650
El Dakhalia 489.456 1076.803 44.941 76.400 48.356 101.548 9.342 19.618 57.698 121.166 0.000 0.000 0.267 2.750 1277.119
Damietta 73.995 162.789 4.812 8.180 1.966 4.129 0.170 0.357 2.136 4.486 0.000 0.000 0.021 0.216 175.671
El Sharkia 338.387 744.451 29.028 49.348 193.394 406.127 2.700 18.270 196.094 424.397 0.000 0.000 0.028 0.288 1218.485
Ismailia 4.722 10.388 0.695 1.182 27.120 56.952 11.106 23.323 38.226 80.275 0.000 0.000 0.000 0.000 91.845
Port Saiad 71.412 157.106 1.388 2.360 2.427 5.097 0.000 0.000 2.427 5.097 0.000 0.000 0.000 0.000 164.563
Sues 0.000 0.000 0.000 0.000 2.946 6.187 0.270 0.567 3.216 6.754 0.000 0.000 0.050 0.515 7.269
El Menofeyia 0.000 0.000 3.896 6.623 142.217 298.656 21.168 44.453 163.385 343.109 0.000 0.000 0.024 0.247 349.979
Kalyoubia 27.121 59.666 1.530 2.601 71.891 150.971 3.598 7.556 75.489 158.527 0.000 0.000 0.590 0.608 221.402
Cairo 0.034 0.075 0.000 0.000 0.132 0.277 0.000 0.000 0.132 0.277 0.000 0.000 0.046 0.474 0.826
Total Wagh Bahari 1779.358 3914.588 261.080 443.836 659.153 1384.227 60.653 159.980 719.806 1544.207 0.000 0.000 2.521 20.497 5923.128
Giza 0.000 0.000 0.000 0.000 27.151 57.017 0.766 1.609 27.917 58.626 0.980 1.960 1.921 19.786 80.372
Beni Suief 1.494 3.287 13.754 23.382 167.252 351.229 3.769 79.149 171.021 430.378 1.545 3.090 1.171 12.061 472.198
El Fayoum 30.253 66.557 14.214 24.164 64.308 135.047 0.748 1.571 65.056 136.618 90.301 180.604 0.507 5.222 413.164
El Menia 0.000 0.000 9.651 16.407 289.155 607.226 12.406 26.053 301.561 633.278 9.196 18.392 37.868 390.040 1058.117
Middle Egypt 31.747 69.843 37.619 63.952 547.866 1150.519 17.689 108.381 565.555 1258.900 102.022 204.046 41.467 427.110 2023.851
Assuit 0.194 0.427 6.984 11.873 99.047 207.999 32.294 67.817 131.341 275.816 120.858 241.716 2.208 22.742 552.574
Sohag 0.000 0.000 2.444 4.155 126.154 264.923 4.150 8.715 130.304 273.638 92.939 185.878 16.600 155.296 618.967
Qena 0.000 0.000 0.000 0.000 22.850 47.985 31.899 77.632 54.749 125.617 38.816 77.632 155.296 1599.549 1802.798
Luxor 0.000 0.000 0.000 0.000 0.000 0.000 14.309 30.049 14.309 28.965 0.395 0.718 23.920 246.376 276.059
Aswan 0.000 0.000 0.000 0.000 0.070 0.147 13.732 28.818 13.802 30.049 7.354 14.708 81.222 836.587 881.344
Total Upper Egypt 0.194 0.427 9.428 16.028 248.121 521.054 96.384 213.032 344.505 734.086 260.362 520.652 279.246 2860.550 4131.742
New Valley 6.735 14.817 0.107 0.182 1.459 3.064 0.130 2.596 1.589 5.660 12.980 0.000 0.000 0.000 20.659
Noubaria 1.743 3.835 4.474 7.606 48.669 102.205 12.048 25.301 60.717 127.506 0.000 0.000 0.356 3.667 142.613
Matough 0.000 0.000 0.000 0.000 5.650 11.865 0.000 0.000 5.650 11.865 0.000 0.000 0.000 0.000 11.865
North Sinai 0.000 0.000 0.000 0.000 0.383 0.804 0.000 0.000 0.383 0.804 0.000 0.000 0.000 0.000 0.804
South Sinia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Red Sea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total Desert Governorate 8.478 18.652 4.581 7.788 56.161 117.938 12.178 27.897 68.339 145.835 12.980 0.000 0.356 3.667 175.941
New Land 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00 0.00 0.00
Total Egypt 1819.78 4003.51 312.71 531.60 1511.30 3173.74 186.90 509.29 1698.205 3683.03 375.36 724.70 323.59 3311.82 12254.66
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Table 5 Utilization of selected agricultural residues and percentage unutilized.
Residues Percentage
unutilized
Oﬀ-farm utilization On-farm utilization
Rice
straw
60 Vegetable storage, composting,
manufacture of construction
products
Composting, animal bedding, vegetable storage,
animal feed following treatment with urea or
ammonia
Cotton
stalks
50 Fuel
Maize 10 Animal feed, fuel
Sorghum
stalks
5 Animal feed, fuel
Sugar
cane
residues
20 Industrial fuel, paper
manufacturing
Animal feed, building material
Table 6 Percentage Utilization of agricultural wastes for
ethanol production over the planning period.
Residue 2012 2015 2018 2021
Rice straw 20 30 35 40
Cotton stalks 20 30 35 40
Sugar cane residues 20 30 40 50
Table 7 Estimated total quantities of convertible wastes
during the period 2012–2021.
Waste category Total (100 ton)
Year 2012 2015 2018 2021
% Utilized for ethanol
Governorate
El Behira 132 198 231 264
El Gharbia 84 127 148 169
Kafr el Sheikh 180 270 315 360
El Dakhalia 231 346 404 461
El Sharkia 159 238 278 318
Wagh Bahari 786 1179 1375 1572
El Menia 81 122 162 202
Middle Egypt 81 122 162 202
Assuit 7 10 13 16
Sohag 32 48 64 79
Qena 323 480 640 800
Luxor 49 74 99 123
Aswan 167 251 335 418
Upper Egypt 575 863 1150 1437
Total Egypt 1442 2164 2687 3210
274 S.R. Tewﬁk et al.various processing stages including alkaline pretreatment,
hydrolysis, fermentation and ethanol drying. Pervaporation
system is being evaluated at both the fermentation and drying
stages. Results are published elsewhere [14].
4.2. Current and forecasted distribution of resources
quantitatively and geographically until year 2021
As the main resource materials being currently in use or under
investigation for ethanol production are unutilized agriculturalresidues and municipal refuse. Although municipal refuse is a
nuisance in Egypt it cannot be considered as an appropriate
feedstock for ethanol production under current practice and
future prospects as typically municipal refuse is collected with-
out source separation and it is not expected to have sorted
clean ligno-cellulosic within the next decade. Thus the main re-
source would be agricultural residues.
Data on the cultivated areas for speciﬁc products and esti-
mated quantities of wastes from these products suitable for use
as feedstock for ethanol production have been compiled from
Governmental resources for several years. However data of
2008 are presented in Table 4.
Despite the increase in cultivated area for rice production
over the last years, it is not expected that this increasing trend
will continue due to the constraints set by the government for
rice production due to its excessive consumption of water. The
situation is similar with sugar cane. Thus, for conservative rea-
sons, in this paper, it shall be assumed that the production of
2008 shall continue until 2021.
On the other hand, reported data [15] as of 2006 indicate
that the percentage of unutilized residues and the utilization
off-farm and on-farm are as presented in Table 5.
Accordingly, proposed assumptions are summarized in
Table 6. It is worth mentioning that the utilization of sugar
cane residues as a source of fuel in sugar companies is cur-
rently being substituted by fuel oil. Thus, it is assumed that
surplus sugar cane residues can be directed to ethanol
production.
4.3. Identiﬁcation of proposed production to fulﬁll the identiﬁed
needs
To cope with shortage of energy supplies, it is expected that the
rationalized ethanol production would satisfy a signiﬁcant per-
centage of the demand assuming cost effective production.
Based on the analysis presented in the previous section, the to-
tal convertible quantities of ligno-cellulosic materials over the
period 2012–2021 are shown in Table 7 for the nominated
governorates.
As far as the production capacities are concerned, in a pre-
vious study conducted by the research team [16] a capacity of
about 3000 ton/year has been assumed to minimize transport
costs and to enable the allocation of plants in limited areas.
However, with the variation of prices of fuels and transport
Table 8 Proposed New Ethanol Production Plants of Speciﬁc Capacities.
Year 2012 2015 2018 2021
Capacity 3 10 20 3 10 20 3 10 20 3 10 20
El Behira 1 1 1 1 1 1 1
El Gharbia 1 1 1 1
Kafr el Sheikh 1 2 1 2 2 2
El Dakhalia 2 1 2 1 1 1
El Sharkia 2 1 1 1
Wagh Bahari 4 4 7 1 4 2 1 4 1 1 4 1
El Menia 2 1 1 1
Middle Egypt 2 1 1 1
Assuit
Sohag 1 1
Qena 4
Luxor 1 1 1 1 1
Aswan 2 2 2 2
Upper Egypt 1 1 6 0 2 2 1 0 2 0 2 2
Total Egypt 5 5 15 1 7 4 2 5 3 1 7 3
Incremental quantities of ethanol produced (1000 ton/year) 15 50 300 3 70 80 6 50 60 3 70 60
Total quantities of ethanol produced (1000 ton/year) 365 518 634 767
Table 9 Financial indicators of ethanol production plants of
capacities 3, 10, and 20 ton/year.
Item Capacity (ton/year) ethanol
3000 10,000 20,000
Investment costs $
Fixes capital $ 8,600,009 19,976,252 32,451,517
Working capital $ 244879 597873 1088296
Total investment costs $ 8,844,887 20,574,125 33,539,813
Annual operating costs $ 979,515 2,391,492 4,353,185
Total production costs $ 1,552,849 3,723,243 6,516,620
Revenues at 0.4 $/kg 1,200,000 4,000,000 8,000,000
Gross proﬁts $ at 0.4 $/kg 352,849 276757 1483380
SRR% at 0.4 $/kg 1.35 4.42
Revenues at 0.5 $/kg 1,500,000 5,000,000 10,000,000
Gross proﬁts $ at 0.5 $/kg 52849 1276757 3483380
SRR% at 0.5 $/kg 0.60 6.21 10.39
Revenues at 0.6 $/kg 1,800,000 6,000,000 12,000,000
Gross proﬁts $ at 0.6 $/kg 247151 2276757 5483380
SRR% at 0.6 $/kg 2.79 11.07 16.35
Revenues at 0.7 $/kg 2,100,000 7,000,000 14,000,000
Gross proﬁts $ at 0.7 $/kg 547151 3276757 7483380
SRR% at 0.7 $/kg 6.19 15.93 22.31
Revenues at 0.7 $/kg 3,000,000 10,000,000 20,000,000
Gross proﬁts $ at 0.7 $/kg 1447151 6276757 13483380
SRR% at 0.7 $/kg 16.36 30.51 40.20
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Figure 4 Variation of simple rate of return with ethanol price.
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lected governorates, medium and larger size plants of
10,000 ton/year and 20,000 ton/year have been suggested.
4.4. Mapping of the proposed production facilities
The production facilities for the planning period have been
estimated taking into consideration the following issues:
 Although there are some variations in the content of the cel-
lulose and hemi-cellulose among the selected materials, the
variation of ethanol production per ton is limited and istaken to be about 250 kg /ton of the reported quantities.
This is considered to be an acceptable assumption for this
planning study.
 The basic number of plants is estimated according to the
quantities of materials to be utilized in 2012. Additional
new plants in 2015, 2018 and 2021 have been estimated
according to the incremental increase of utilized residues
and hence quantities of ethanol to be produced.
Table 8 presents the proposed number and capacities of
plants in selected governorates for the planning period based
on estimated incremental quantities that could be produced
in the speciﬁed years.
4.5. Identiﬁcation of ﬁnancial requirements and pricing pattern
Based on published national and international results ﬁnancial
requirements for 3000, 10,000 and 20,000 ton/ethanol/year
have been estimated on the following basis:
For the 3000 ton/year, the most realistic scenario as previ-
ously reported has been assumed [16].
A seventh –tenth factor has been assumed for the estima-
tion of the capital investments for the medium and larger
capacities.
Operating costs have been assumed on rather similar basis
as for the 3000 ton/year plant.
276 S.R. Tewﬁk et al.The working capital has been assumed to be 25% of annual
operating costs.
The Simple Rate of Return (SRR)% on investments has
been estimated for different proposed prices of ethanol in the
range of $0.4 /kg and $0.7 /kg respectively. It is worth men-
tioning that there has been ﬂuctuation of ethanol prices over
the last ﬁve years from as high as $0.62 /kg to as low as
$0.27/kg respectively.
Table 9 comprises economic indicators including invest-
ment, operating and production costs in addition to revenues,
gross proﬁts and SRR% for the proposed different selling
prices while SRR% for varying selling prices of ethanol are de-
picted in Fig. 4.
5. Conclusions
Current international situation regarding the increasing needs
for liquid fuels for transport reﬂects the urgent need for adop-
tion of non-conventional sustainable energy sources. Use of
biomass for the production of biodiesel, biofuels and ethanol
is approaching commercialization. As far as bio-ethanol is
concerned and speciﬁcally for Egypt, commercial production
for capacities exceeding 10,000 tons per year provides technical
and economic merits.
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